This laboratory experiment tested the ability of the spectral index called 'area under curve normalised to maximal band depth' (ANMB) to track dynamic changes in the xanthophyll cycle of Norway spruce (Picea abies (L.) Karsten) needles. Four-year-old spruce seedlings were gradually acclimated to different photosynthetic photon flux densities (PPFDs) and air temperature regimes. The measurements were conducted at the end of each acclimation period lasting for 11 days. A significant decline in the chlorophylls to carotenoids ratio and the increase of the amount of xanthophyll cycle pigments indicated a higher need for carotenoid-mediated photoprotection in spruce leaves acclimated to high PPFD conditions. Similarly, the photochemical reflectance index (PRI) changed from positive to negative values after changing light conditions from low to high intensity as a consequence of the increase in carotenoid content. Systematic responses of PRI to the de-epoxidation state of xanthophyll cycle pigments (DEPS) were, however, observed only during high temperature treatments and after the exposition of needles to high irradiance. The ANMB index computed from needle reflectance between 507 and 556 nm was able to track dynamic changes in DEPS without any influence induced by changing the content of leaf photosynthetic pigments (chlorophylls, carotenoids).
Spatio-temporal estimation of plant photosynthesis at a global scale is required for 
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Spaceborne measurement assessing the amount of fPAR used for photosynthetic processes is, 51 nevertheless, still a challenging task (Grace et al. 2007 ). The Photochemical Reflectance 52 Index (PRI) was applied in several studies to estimate the actual photosynthetic efficiency and 53 other related variables of green vegetation (Garbulsky et al. 2011) . PRI is a normalized 54 narrowband vegetation index conventionally calculated as (R 531 -R 570 )/ (R 531 + R 570 ) (Gamon 55 et al. 1992) , where R is the leaf reflectance at a noted wavelength. Changes in leaf PRI were 56 found to follow dynamic reactions of the xanthophyll cycle that regulates photosynthesis via 57 thermal dissipation of excessive light energy (Demmig-Adams et al. 1999) .
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The width of denotation and the strength of particular physiological signals influencing leaf
The seedlings of both chambers were initially acclimated to a low photosynthetic photon flux 111 density (PPFD) irradiance and moderate air temperature (T air ) (LI-LT acclimation regime)
112
with maximum PPFD at 'midday' of 300 µmol m -2 s -1 and T air in the range of 15-25°C. In (HI regime). In one chamber, the daily course of T air remained unchanged (HI-LT regime), 115 whereas in the second growth chamber the daily course of T air ranged from 20-35°C, resulting 116 in a high irradiance and high air temperature (HI-HT) acclimation regime. For the last 117 acclimation regime the irradiation conditions of both chambers remained high (HI), whereas 118 the temperature was increased. In the first growth chamber, low T air (LT) was increased to 119 high T air (i.e. resulting in HI-HT regime), whereas T air in the second growth chamber was 120 increased even further to 25-40°C (HI-HT2 regime). The plants of both growth chambers 121 were sufficiently watered (200 ml per plant/day). Relative air humidity was kept between 50 122 and 65% in all treatments. Daily increases in PPFDs for LI regimes were set to 10, 100, 160 123 and 300 µmol m -2 s -1 , and to 25, 300, 500 and 1000 µmol m -2 s -1 for HI regimes (Fig. 1 
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In our experiment, the continuum removal transformation was applied to the needle 189 reflectance according to Kokaly and Clark (1999) . The reflectance at a particular wavelength 
where R CR(λi) and R CR(λi+1) are the continuum-removed reflectance values of the spectral bands 196 λ i and λ i+1 in the wavelengths i and i+1 located within the selected spectral interval, and n is 197 the number of spectral bands, which is equal to 50 for the given spectral interval of 507 -556 198 nm and the resolution of 1 nm. Finally, ANMB 507-556 was computed as the ratio of AUC 199 and a maximal band depth of the continuum-removed reflectance between 507-556 nm
200
(MBD 507-556 ):
The purpose of normalization by MBD 507-556 was to emphasize changes in the reflectance 203 continuum-removed spectral bands adjacent to that in which MBD 507-556 is located. was tested at probability levels P < 0.05, P < 0.01 and P < 0.001, using the analysis of Throughout all the experiments a needle morphological parameter called specific leaf area
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(SLA), which is defined as the ratio of leaf area to dry weight, was invariant ( Fig. 2A) . We, chamber two is result of Chl a+b decline (Fig. 2C) . Chl a/b of these plants remained 293 unchanged (Fig. 3A) .
294
The observed decrease of the Chl a+b/Car x+c ratio after an 11-day exposure to HI indicates 295 an enhanced need for carotenoid-mediated photoprotection under the HI regime (Behera et al. 
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After the acclimation to LI-LT conditions, spruce needles started the light period with DEPS 305 between 30-40 % (Fig. 4) , while at the end of the HI acclimation, predawn DEPS raised 306 significantly to 40-55 % (P < 0.05, Student's t-test). As expected, the maximal DEPS was important to mention that also other similar wavelength intervals, including the spectral changes induced by the violaxanthin deepoxidation, can potentially provide comparable and Chl a+b/Car x+c ratio, which both varied significantly among needles acclimated to 390 different microclimatic conditions (Fig. 3) . Also, a varying needle chlorophyll content (Fig.   391 2B) does not seem to affect the ability of ANMB507-556 to capture the dynamics of the 392 xanthophyll cycle pigments. The regression between ANMB 507-556 and DEPS is strong across 393 samples that vary considerably in content of these photosynthetic pigments.
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Investigation of the changes in the quantum yield of photosystem II photochemistry (Φ PSII )
395
( Fig. 9 ) revealed similar relationships for both spectral indices (Fig. 10) . Statistically 396 significant linear regressions with R 2 = 0.57 and R 2 = 0.48 (P < 0.001) were established for 397 PRI and ANMB 507-556 , respectively. These results suggest a lower sensibility of both optical 398 indices to Φ PSII , especially for low Φ PSII values (Fig. 10) . In the case of PRI, the index 399 remained low at the end of the acclimation to the HI-HT2 regime, which corresponds with
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Φ PSII of about 60%. The same Φ PSII was observed at noon for HI-LT acclimated plants, but 401 without a noticeable decrease in PRI (compare Fig. 9 and Fig. 5 
